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<D 

L TITLE OF THE INVENTION 
Spectrographic apparatus for biological tissues 

2. CLAIMS 

(1) A spectrographic apparatus for biological tissues comprising: 

a light source to irradiate light on the biological tissue; 

a spectroscopic means to disperse either fluorescence produced from the biological 
tissue by said light irradiation or reflected light reflected by the biological tissue; and 

an imaging means to obtain an image of the biological tissue dispersed by said 
spectroscopic means, 

wherein the spectrographic apparatus further comprises: 

a photodetecting means to receive a part of said dispersed light; and 

a light intensity measuring means to measure the intensity of light detected by said 

photodetecting means. 

(2) The spectrographic apparatus for biological tissues of claim 1, which comprises a 
photodetecting means, wherein the photodetecting means is a photometric fiber placed between 
said spectroscopic means and said imaging means. 

(3) The spectrographic apparatus for biological tissues of claim 2, comprising said photometric 
fiber which receives fluorescence produced from multiple locations of the biological tissue or 
reflected light reflected at multiple locations of the biological tissue, and said light intensity 
measuring means which calculates the mean intensity of the fluorescence produced from the 
multiple locations of the biological tissue or the reflected light reflected at the multiple locations 
of the biological tissue. 

3. DETAILED DESCRIPTION OF THE INVENTION 
(Field of industrial applications) 

The present invention relates to a spectrographic apparatus for biological tissues, and in 
particular, to a spectrographic apparatus for biological tissues capable of imaging spectrograms 
of a biological tissue of, a human for example, without contacting said biological tissue. 

(Trior art) 

As it is well known, when irradiating excitation light, such as laser light, on a biological tissue, 
fluorescence is produced from the irradiated site, which has an intrinsic wavelength-intensity 
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distribution determined by the site and condition of the tissue. That is, each site of a biological 
tissue has an intrinsic distribution characteristic of fluorescent wavelengths. 

Based on the fact that biological tissues have said intrinsic distribution characteristics of 
fluorescent wavelengths, the present inventor has developed many diagnostic and image 
analyzing devices for biological tissues that utilize said characteristics, and the inventor has 
already filed patent applications for these devices. 

Among said patent applications, Japanese Patent Application Kokai Publication No. (JP-A) 
S59-1 39237 specification, for example, describes a fluorescence spectrogram analyzing device 
that generates one pseudo-color image by using a filter to extract a particular wavelength 
component from fluorescence produced by irradiation of excitation light, obtaining an image of 
that particular wavelength, and assigning different colors to different density grades in the image. 

In addition, Japanese Patent Application No. Sho 59-102080 specification describes an optical 
imaging device for biological tissues that obtains contrast-enhanced images by obtaining 
fluorescence spectrograms of at least two particular wavelengths and then obtaining the intensity 
difference between corresponding portions of said images, i.e., obtaining a differential image. 

Furthermore, Japanese Patent Application No. Sho 59-154038 specification describes a device to 
display spectral pattern images of biological tissues that reconstructs an image of biological 
tissue into a pseudo-color image by dispersing fluorescence which is produced by irradiation of 
excitation light or reflected light into a plurality of wavelengths to obtain images of the 
biological tissue with lights of each wavelength, recognizing an intensity distribution pattern of 
the fluorescence or reflected light in different portions of each image of the biological tissue, and 
determining a display color for each image portion corresponding to each portion of the 
biological tissue based on the shape of the distribution pattern and determining a brightness (or 
intensity) of said each color based on the area of said distribution pattern. 

Of course, in obtaining pseudo-color or differential images from one spectrogram or a plurality 
of spectrograms at different wavelengths, image intensities at healthy portions in each 
spectrogram always need to be adjusted so that they remain relatively constant. 

That is, in case of obtaining one pseudo-color image by obtaining one spectrogram at a particular 
wavelength and assigning different colors to different density grades in the image, for example, 
pseudo-color images based on spectrograms at different wavelengths will be difficult to compare 
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each other, unless each image has the same color for healthy portions of the biological tissue. 

In a differential image generated from spectrograms for at least two wavelengths, relative 
difference in intensities between healthy and affected portions can be increased by rendering 
intensities constant at healthy portions in each spectrogram. 

Furthermore, in case potential optical change over time is a consideration in the light source or in 
the optics from subject to camera, it is also necessary to adjust image intensities at healthy 
portions of the biological tissue so that they are constant, at each imaging session, even with 
spectrograms taken only at a single wavelength. 

Thus, conventionally, in fluorescence spectrography, a fluorescence standard scale is placed on 
the subject biological tissue and densities in each spectrogram are adjusted so that fluorescence 
from the standard scale has the same intensity in the image formation plane of the camera. 

Similar adjustment is required not only in fluorescence spectrography but also in reflection 
spectrography that utilizes absorption characteristic of a biological tissue for diagnosis. 

(Problems to be solved by the invention) 

Conventional techniques described above have several problems as will be described below. 

That is, while fluorescence spectrography of biological tissues is very important in diagnostic 
examination of such tissues, the need in conventional techniques for placing a fluorescence 
standard scale on the subject biological tissue at each imaging session, as described above, poses 
following problems: 

(1) obtaining a spectrogram is extremely cumbersome; 

(2) spectrography can be performed only with tissues resected from an organism; in other words, 
spectrography of tissues in a body cavity of living organism with the use of endoscope, etc., is 
vir^liy impossibie because spectrography cannot be performed without contacting a biological 
tissue; 

(3) effective area of a spectrogram is reduced, which in turn hinders efficient display of a site to 
be examined in an image that is output by an image recording device. 

The present invention was made to solve foregoing problems. 

(Means and actions to solve the problems) 
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To solve foregoing problems, the present invention adopts a means to divide fluorescence 
produced by a biological tissue or reflected light reflected by a biological tissue toward each 
spectrographic camera to pass through a band-pass filter, and then measure the intensity of a part 
of said light. Thus, the present invention produces the action effect that it enables adjustment 
of each spectrogram taken so that image intensities in normal portions have desired values, 
which in turn enables easy and precise comparison/analysis of a plurality of spectrograms 
without using a standard scale, provided that the spectrographic apparatus is arranged such that 
said measurement of light intensity is performed on fluorescence produced by a normal portion 
of the biological tissue or on reflected light reflected by a normal portion of the biological tissue. 

(D 

As is obvious from the above description, the fundamental technical idea of the present invention 
is to measure image intensities in a particular region (normal portion) of the spectrogram taken 
by using a photometric fiber. Therefore, any image processing may be made from the 
fluorescence spectrogram obtained. 

That is, although examples 1 and 2 mentioned above generate a differential image using a 
plurality of fluorescence spectrograms, the present invention is not limited to these examples; 
rather, it may use a plurality of fluorescence spectrograms to generate a pseudo-color image 
based on a pattern obtained from fluorescence intensities in corresponding portions of the 
spectrograms, or it may generate a pseudo-color image by assigning different colors to different 
density grades in the fluorescence spectrogram, for example. 

Furthermore, the spectrographic apparatus for biological tissues may be configured to store in 
the image processing device different patterns of fluorescence intensities that correspond to 
lesions and their stages in the examined site; compare the stored patterns with a pattern obtained 
from fluorescence intensities in portions of a fluorescence spectrogram; and display the kind and 
stage of the lesion in the corresponding portion if the compared patterns match. 

In this case, diagnostic examination of the site is completed easily and in a short time if the 
above process is performed sequentially with a program that is preset for a plurality of 
fluorescence intensity patterns stored in the image processing device. 

In addition, although the above examples are described as the present invention applied to a 
device for fluorescence spectrograph^ the present invention is not limited to such applications; 
rather, it may be applied to a device for reflection spectrograph^ 
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Furthermore, tissue diagnosis is reliably made, even by simply obtaining fluorescence 
spectrograms with different wavelengths, because each fluorescence spectrogram can be 
displayed to have a constant fluorescence intensity in their normal portions. 

(Effects of the invention) 

As is obvious from the above description, following effects are achieved in accordance with the 
present invention. 

Because a baseline light intensity can be detected in each spectrogram without contacting a 
biological tissue, the present invention: 

(1) reduces time required for diagnostic examination of a biological tissue and improves 
efficiency of the examination; and 

(2) enables to compare a plurality of spectrograms or to perform precise image analysis, etc. with 
the spectrograms, even in cases where the spectrograms are obtained from tissues in a body 
cavity of living organism with the use of endoscope, etc., which in turn enables easy and reliable 
diagnosis of diseases such as cancer. 

4. Brief Description of the Drawings 

Figure 1 describes a schematic block diagram of example 1 of the present invention; Figure 2 
describes a schematic plan view of a turret filter; Figure 3 describes a schematic perspective 
view of a photometric fiber; Figure 4 describes a plan view showing an irradiation area of 
excitation light on an examined site; Figure 5 describes a spectral diagram showing sum of 
fluorescence produced from a biological tissue and excitation light after passing through an 
optical element to remove excitation light components; and Figure 6 describes a schematic block 
diagram of example 2 of the present invention. 

10: Laser light source, 1 1 : Collimator, 14A: First dichroic mirror, 14B: Second dichroic mirror, 
15: Biological tissue, 15A: Examined site, 16: Interference filter, 18, 51, 52: Band-pass filters, 
20: Laser light, 21-24: Image intensifies, 41-44: Cameras, 53, 54: Turret filters, 71, 71A: Image 
processing devices, 81: Image recording device, 82: Braun tube, 90: Frame body, 91-94: 
Photometric fibers, 93A-93D: Fiberoptics, 200: Fiberoptic bundle 



